I. INTRODUCTION P-N junction or diode, since its first invention at the beginning of the last century, has been booming for over one century and playing a crucial role in today's electronic industry. So far, the most used diodes are fabricated by doping the different elements into the two adjacent parts of crystalline silicon bulk. With the appealing advantages, including cheap material, sophisticated fabrication techniques and high carrier mobility, silicon based diodes have dominated the semiconductor industry. However, as one of the obvious shortcomings, the extremely high energy consumption in the fabrication process has been desired to be overcome until now.
Numerous efforts have been devoted to tackle the high energy consumption issue in diode manufacture [1, 2] . Some researchers have studied the P-N junction fabrication by assembling two types of materials together [3] and reduced the manufacture cost greatly. In order to cut the energy consumption further, semiconducting materials have employed into produce diode as well [4] . With those efforts, great improvement has been done in energy saving. However, the performance of the diode fabricated using the novel techniques are still to be explored in order to be comparable with that of traditional silicon based devices.
Diodes made of inorganic oxide nanowires can be promising alternatives to the traditional technology because of the exceptional advantages of inorganic oxide nanowires, including ballistic carrier transportation, tuneable energy levels and extremely small size. Upon to now, much work has been done in synthesis of heterojunction nanowires [5, 6] . But most of the current fabrication approaches still requires relatively high temperature [7] [8] [9] , high vacuum level [10] or template [4, 11] . Hence, some groups have turned attention to the solution process fabrication of inorganic nanowires [12] . Due to the ease of preparation and proper energy levels, ZnO/CuO system has already investigated by some researchers [13, 14] . And, presently, the work is yet to be completed.
Herein, we thoroughly study the low temperature hydrothermal growth of CuO/ZnO heterojunction nanowires. And a UV sensor based on the synthesized heterojunction nanowires is fabricated by assembling single heterogeneous nanowire between two gold electrodes.. Then the UV sensing property of individual nanowire heterojunction is characterized.
II. EXPERIMENT AND CHARACTERIZATION METHOD
The details of fabrication process of ZnO nanowires on ITO-coated glass, synthesis of CuO nanostructures on ZnO nanowires and the assembly of UV sensors are given as below:
A. Synthesis of ZnO/CuO heterogeneous nanostrucutres
With small modification, the recipe of ZnO nanowires growth here is similar to that in Ref. [12] . To be brief, the seed layer coated ITO glass slides are put into vials filled with 120 ml solution of 20 mM Zn(NO 3 ) 2 , 10 mM Hexamethylenetetramine, 360 µL polyethylenimine (PEI) (1:3 (v/v), PEI: water) and 5 ml ammonia. Then the reaction is conducted in hot water bath at 88 °C for 2 h.
Then, the washed and dried ZnO nanowires coated ITO slides are transferred into the solution with 5 mM Cu 2+ and heated to 60 °C for varied time. The copper ions are provided by different copper salt (copper chloride, copper sulphate and copper acetate). Finally, the samples are annealed on hot plate at 550 °C for 20 min. The morphology of the synthesized CuO nanostructure with different copper salt is characterized with SEM (S-4800, Hitachi, Japan). 
B. Fabrication and Characterization of ZnO/CuO nanowires based UV sensors
The synthesized ZnO/CuO nanowires with CuCl 2 as reactant are applied to fabricate the UV sensors. The ZnO/CuO nanostructures covered ITO-glasses are etched with diluted hydrochloric acid to connect one electrodes using iron wire. Another electrode is prepared by deposit silver glue dot on the ZnO/CuO layer and connected with iron wire as well. Then the I-V curves, both under dark and UV illumination, of the device are acquired using a sourcemeter (2601, Keitheley). For a comparison, we measure the I-V characteristics of devices based pure ZnO nanowires as well.
C. Single Heterojunction Nanowire based UV Sensor Fabrication.
The heterogeneous nanowires grown on ITO glass are cut off using a sharp blade and then dispersed in ethanol. Then single nanowire is assembled between two electrodes with dielectrophoresis technique. We tuned the parameters for the dieletrophoresis based assembly according to the analysis in Ref. [15] . The UV sensing behaviour is tested using sourcemeter under the illumination provided UV lamp (lamplic UVEC-4ii, Shenzhen, China). Using AFM (Dimension 3100, VEECO, US), we checked the assembly of single nanowire between the electrodes. 
(a). CuCl2, (b). Cu(NO3)2, (c). CuSO4, (d). Cu(AC)2).
As revealed from the SEM images (Figure 3 ), spike-like CuO structures are obtained when CuCl 2 is used as reactant. And Cu(NO 3 ) 2 leads to leaf-like structure. CuSO4 results in Cu(OH) 2 nanobelts on ZnO nanowires. Similar results are acquired with CuCl 2 , when Cu(CH 3 COO) 2 is selected to be reactant. If the reaction time is set to be long enough, we can obtain a thick layer of Cu(OH) 2 on the ZnO nanowires. As an example, the structure grown with CuCl 2 as copper ion source is applied to fabricate light sensors. With the reaction time increases, a clear layer of CuO is formed on the ZnO layer. And, as displayed in Figure 4 and 5, the thickness increases almost linear with the reaction time; and correspondingly, color of sample turns into darker and darker.
The characterization results of the UV sensor are shown in Figure 6 . I-V curve of the sensor shows obvious diode nature; while the I-V curve of the pure ZnO nanowire arrays based device displays symmetric semiconducting behaviour. As indicated from Figure 7 , the single heterojunction nanowire bridged between two electrodes presents better P-N junction characteristics, i.e. ideal diode nature. Comparing with ZnO/CuO nanowire arrays, the improved diode behaviour of single nanowire can be explained by the excellent separation of ZnO from one electrode; so the system is well turned off under reverse bias. The leakage current in the nanowire arrays device is relatively significant because the connection of Ag glue to ZnO nanowire and even the conductive substrate through the gaps in the CuO nanostructures cannot be avoided. As a comparison, single pure ZnO nanowire is also assembled between the electrodes. And the I-V curve, as shown in Figure 8 , is nicely symmetric, which complies with the semiconducting property of ZnO nanowire. Both the nanowire arrays and single nanowire based devices have significant enhance in conductivity upon the introduction of UV illumination. The band gap of ZnO is around 3.3 eV; while that of CuO is much smaller, i.e. 1.4 eV. And the wavelength of the UV light we used is 360 nm; the photon energy is 3.4 eV. Therefore, the UV illumination can excite electrons both in CuO and ZnO nanostructures. As illustrated in Figure 9 , CuO and ZnO are P-type and n-type semiconducting materials, respectively. When CuO and ZnO contact with each other, the energy barrier 
IV. CONCLUSION
In this paper, we fabricated UV sensor based on ZnO/CuO nanostructures, prepared through facile solution process at low temperature. Different nanostructures are obtained with different copper ion structures. Then, it is fair to conclude that anions play a crucial role in Cu(OH) 2 crystal growth process. And the UV sensor based on the heterogeneous nanowires shows diode nature. Finally, the ideal P-N junction is formed with single ZnO/CuO nanowire bridged between two gold electrodes. The energy barrier estimated from the I-V curve for single nanowire heterojunction agrees with the theoretical value.
